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n The burst phase in ribonuclease A folding and solvent
dependence of the unfolded state. PX Qi, TR Sosnick,
and SW Englander (1998). Nat. Struct. Biol. 5, 882–884.
Submillisecond burst phase signals measured in kinetic
protein-folding experiments have been widely interpreted in
terms of the fast formation of productive folding intermediates.
Experimental comparisons with non-folding polypeptide
chains show that, for ribonuclease A and cytochrome c, these
signals in fact reflect a shift from one biased ensemble of the
unfolded state to another as a function of change in denaturant
concentration.
October 1998. Nature Structural Biology.
n Folding kinetics of villin 14T, a protein domain with a
central βb-sheet and two hydrophobic cores. Sung E
Choe, Paul T Matsudaira, John Osterhout, Gerhard
Wagner and Eugene I Shakhnovich (1998). Biochemistry
37, 14508–14518.
The thermodynamics and kinetics of folding are characterized
for villin 14T, a 126-residue protein domain. Equilibrium
fluorescence measurements reveal that villin 14T unfolds and
refolds reversibly. The folding kinetics was monitored using
stopped-flow with fluorescence and quenched-flow with NMR
and mass spectrometry. Unfolding occurs in a single-exponential
phase in the stopped-flow experiments, and 75% of the total
amplitude is recovered in the fast phase of refolding. The
remaining 25% of the amplitude probably represents trapping in
cis–trans proline isomerization pathways. At 25°C, the stability
estimate obtained by extrapolation from the transition region of
the stopped-flow chevron matches the stability value from
equilibrium urea titrations (∆G = 9.7 kcal/mol, m value = 2.2 kcal
mol–1 M–1). At low final urea concentrations, however, the
refolding kinetics deviates from the two-state model, indicating
the formation of an intermediate. Under these conditions,
quenched-flow followed by NMR and mass spectrometry show
no detectable hydrogen-bonded intermediate in the fast
refolding phase. In contrast, agreement is observed between the
equilibrium and kinetic estimates of stability at 37°C (∆G = 6.0
kcal/mol, m value = 1.6 kcal mol–1 M–1), at all observed urea
concentrations, demonstrating apparent two-state folding at this
temperature. This result shows that the two-state folding model,
previously applied to small domains with single, central
hydrophobic cores, can also describe the folding of a larger
domain with multiple core structures. 
13 October 1998. Biochemistry.
n A pulse-chase-competition experiment to determine if
a folding intermediate is on or off-pathway: application
to ribonuclease A. Douglas V Laurents, Marta Bruix, Marc
Jamin and Robert L Baldwin (1998). J. Mol. Biol. 283,
669–678.
A modified pulse-chase experiment is applied to determine
whether the native-like intermediate IN of ribonuclease A is
on-pathway or off-pathway. The 1H label retained in the native
protein is compared when separate samples of 1H-labeled IN
and unfolded protein are allowed to fold to native in identical
conditions. The solvent is 2H2O and the pH* is such that the
unfolded protein rapidly exchanges its peptide NH protons
with solvent, and IN does not. If IN is on-pathway, more 
1H-
label will be retained in the test sample starting with IN than in
the control sample starting with unfolded protein. The results
show that IN is a productive (on-pathway) intermediate.
Application of the modified pulse-chase experiment to the
study of rapidly formed folding intermediates might be
possible when a rapid mixing device is used. 
30 October 1998. Journal of Molecular Biology.
n Unfolded conformations of αa-lytic protease are more
stable than its native state. Julie L Sohl, Shella S Jaswal
and David A Agard (1998). Nature 395, 817–819.
α-Lytic protease (αLP), an extracellular bacterial protease, is
synthesized with a large amino-terminal pro-region that is
essential for its folding in vivo and in vitro. In the absence of
the pro-region, the protease folds to an inactive, partially
folded state, designated ‘I’. The pro-region catalyses protease
folding by directly stabilizing the folding transition state
(>26 kcal mol–1), which separates the native state ‘N’ from I.
Although a basic tenet of protein folding is that the native state
of a protein is at the minimum free energy, the authors show
here that both the I and fully unfolded states of αLP are lower
in free energy than the native state. Native αLP is therefore
metastable: its apparent stability derives from a large barrier to
unfolding. Consequently, the evolution of αLP has been
distinct from most other proteins: it has not been constrained
by the free-energy difference between the native and unfolded
states, but instead by the size of its unfolding barrier. 
22 October 1998. Nature.
n Shaping space: the possible and the attainable in RNA
genotype-phenotype mapping. W Fontana and
P Schuster (1998). J. Theor. Biol. 194, 491–515.
Understanding which phenotypes are accessible from which
genotypes is fundamental for understanding the evolutionary
process. This notion of accessibility can be used to define a
relation of nearness among phenotypes, independently of
their similarity. Because of neutrality, phenotypes denote
equivalence classes of genotypes. The definition of
neighborhood relations among phenotypes relies, therefore,
on the statistics of neighborhood relations among equivalence
classes of genotypes in genotype space. The folding of RNA
sequence (genotypes) into secondary structures (phenotypes)
is an ideal case to implement these concepts. The authors
study the extent to which the folding of RNA sequence
induces a ‘statistical topology’ on the set of minimum free
energy secondary structures. The resulting nearness relation
suggests a notion of ‘continuous’ structure transformation.
The authors can then rationalize major transitions in
evolutionary trajectories at the level of RNA structures by
identifying those transformations that are irreducibly
discontinuous, shown by means of computer simulations. The
statistical topology organizing the set of RNA shapes explains
why neutral drift in sequence space plays a key role in
evolutionary optimization. 
21 October 1998. Journal of Theoretical Biology.
n RNA folding causes secondary structure
rearrangement. M Wu and I Tinoco Jr (1998). Proc. Natl
Acad. Sci. USA 95, 11555–11560.
The secondary structure of the P5abc subdomain (a 56-
nucleotide RNA) of the Tetrahymena thermophila group I intron
ribozyme has been determined using NMR. Its base pairing in
aqueous solution in the absenceof magnesium ions is
significantly different from the RNA in a crystal but is
consistent with thermodynamic predictions. On addition of
magnesium ions, the RNA folds into a tertiary structure with
greatly changed base pairing consistent with the crystal
structure: three Watson–Crick base pairs, three G–U base
pairs, and an extra-stable tetraloop are lost. The common
assumption that RNA folds by first forming secondary
structure and then forming tertiary interactions from the
unpaired bases is not always correct.
29 September 1998. Proceedings of the National Acadamy of
Science USA.
n Exploration of metal ion binding sites in RNA folds by
brownian-dynamics simulations. T Hermann and
E Westhof (1998). Structure 6, 1303–1314.
Metal ions participate in the three-dimensional folding of
RNA and provide active centers in catalytic RNA molecules.
The positions of metal ions are known for a few RNA
structures determined using X-ray crystallography. In addition
to the crystallographically identified sites, solution studies
point to many more metal ion binding sites around structured
RNAs. Metal ions are also present in RNA structures
determined using nuclear magnetic resonance (NMR)
spectroscopy, but the positions of the ions are usually not
revealed. A novel method for predicting metal ion binding
sites in RNA folds has been successfully applied to a number
of different RNA structures. The method is based on
Brownian-dynamics simulations of cations diffusing under the
influence of random Brownian motion within the electrostatic
field generated by the static three-dimensional fold of an
RNA molecule. In test runs, the crystallographic positions of
Mg2+ ions were reproduced with deviations between 0.3 and
2.7 Å for several RNA molecules for which X-ray structures
are available. In addition to the crystallographically identified
metal ions, more binding sites for cations were revealed: for
example, tRNAs were shown to bind more than ten Mg2+ ions
in solution. Predictions for metal ion binding sites in four
NMR structures of RNA molecules are discussed. The
successful reproduction of experimentally observed metal ion
binding sites demonstrates the efficiency of the prediction
method. A promising application of the method is the
prediction of cation-binding sites in RNA solution structures,
determined using NMR.
15 October 1998. Structure.
n Pathways to a protein folding intermediate observed in
a 1-microsecond simulation in aqueous solution. Yong
Duan and Peter A Kollman (1998). Science 282, 740–744.
An implementation of classical molecular dynamics on parallel
computers of increased efficiency has enabled a simulation of
protein folding with explicit representation of water for 1
microsecond, about two orders of magnitude longer than the
longest simulation of a protein in water reported to date.
Starting with an unfolded state of villin headpiece subdomain,
hydrophobic collapse and helix formation occur in an initial
phase, followed by conformational readjustments. A marginally
stable state, which has a lifetime of about 150 nanoseconds, a
favorable solvation free energy, and shows significant
resemblance to the native structure, is observed; two pathways
to this state have been found. 
23 October 1998. Science.
n Use of quantitative structure-property relationships to
predict the folding ability of model proteins. Aaron R
Dinner, Sung-Sau So and Martin Karplus (1998). Proteins
33, 177–203.
The authors investigate the folding of a 125-bead
heteropolymer model for proteins subject to Monte Carlo
dynamics on a simple cubic lattice. Detailed study of a few
sequences revealed a folding mechanism consisting of a rapid
collapse followed by a slow search for a stable core that served
as the transition state for folding to a near-native intermediate.
Rearrangement from the intermediate to the native state
slowed folding further because it required breaking native-like
local structure between surface monomers so that those
residues could condense onto the core. The authors
demonstrate here the generality of this mechanism by a
statistical analysis of a 200 sequence database using a method
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that employs a genetic algorithm to pick the sequence
attributes that are most important for folding and an artificial
neural network to derive the corresponding functional
dependence of folding ability on the chosen sequence
attributes [quantitative structure–property relationships
(QSPRs)]. QSPRs that use three sequence attributes yielded
substantially more accurate predictions than those that use
only one. The results suggest that efficient search for the core
is dependent on both the native state’s overall stability and its
amount of kinetically accessible, cooperative structure,
whereas rearrangement from the intermediate is facilitated by
destabilization of contacts between surface monomers.
Implications for folding and design are discussed. 
1 November 1998. Proteins.
n Supersites within superfolds. Binding site similarity in
the absence of homology. Robert B Russell, Peter D
Sasieni and Michael J E Sternberg (1998). J. Mol. Biol.
282, 903–918.
A method is presented to assess the significance of binding site
similarities within superimposed protein three-dimensional
(3D) structures and applied to all similar structures in the
Protein Data Bank. For similarities between 3D structures
lacking significant sequence similarity, the important
distinction was made between remote homology (an ancient
common ancestor) and analogy (likely convergence to a folding
motif) according to the structural classification of proteins
(SCOP) database. Supersites were defined as structural
locations on groups of analogous proteins (i.e. superfolds)
showing a statistically significant tendency to bind substrates
despite little evidence of a common ancestor for the proteins
considered. The authors identify three potentially new
superfolds containing supersites: ferredoxin-like folds, four-
helical bundles and double-stranded β helices. In addition, the
method quantifies binding site similarities within homologous
proteins and previously identified supersites such as that found
in the β/α (TIM) barrels. For the nine superfolds, the accuracy
of predictions of binding site locations is assessed. Implications
for protein evolution, and the prediction of protein function,
either through fold recognition or tertiary structure comparison,
are discussed. 
2 October 1998. Journal of Molecular Biology.
n Predicting function: from genes to genomes and back.
Peer Bork,Thomas Dandekar, Yolande Diaz-Lazcoz, Frank
Eisenhaber, Martijn Huynen and Yanping Yuan (1998).
J. Mol. Biol. 283, 707–725.
Predicting function from sequence using computational tools
is a highly complicated procedure that is generally done for
each gene individually. This review focuses on the added
value that is provided by completely sequenced genomes in
function prediction. Various levels of sequence annotation
and function prediction are discussed, ranging from genomic
sequence to that of complex cellular processes. Protein
function is currently best described in the context of
molecular interactions. In the near future it will be possible
to predict protein function in the context of higher-order
processes such as the regulation of gene expression,
metabolic pathways and signalling cascades. The analysis of
such higher levels of function description uses, besides the
information from completely sequenced genomes, the
additional information from proteomics and expression data.
The final goal will be to elucidate the mapping between
genotype and phenotype. 
6 November 1998. Journal of Molecular Biology.
n Optimizing potentials for the inverse protein folding
problem. Ting-Lan Chiu and Richard A Goldstein (1998).
Biopolymers 47, 749–752.
Inverse protein folding, which seeks to identify sequences that
fold into a given structure, has been approached by threading
candidate sequences onto the structure and scoring them with
database-derived potentials. The sequences with the lowest
energies are predicted to fold into that structure. It has been
argued that the limited success of this type of approach is not
due to the discrepancy between the scoring potential and the
true potential but is rather due to the fact that sequences
choose their lowest-energy structure rather than structures
choosing the lowest-energy sequences. The authors develop a
non-physical potential scheme optimized for the inverse
folding problem. The authors maximize the average
probability of success for a set of lattice proteins to obtain the
optimal potential energy function, and show that the potential
obtained by our method is more likely to produce successful
predictions than the true potential.
October 1998. Biopolymers.
n The allosteric mechanism of the chaperonin GroEL: a
dynamic analysis. JianPeng Ma and Martin Karplus
(1998). Biochemistry 95, 8502–8507.
Normal mode calculations on individual subunits and a
multisubunit construct are used to analyze the structural
transitions that occur during the GroEL cycle. The normal
modes demonstrate that the specific displacements of the
domains (hinge bending, twisting) observed in the structural
studies arise from the instrinsic flexibility of the subunits. The
allosteric mechanism (positive cooperativity within a ring and
negative cooperativity between rings) is shown to be based on
the coupled tertiary structural changes, rather than the
quaternary transition found in classic allosteric proteins. The
results unify static structural data from X-ray crystallography
and cryoelectron microscopy with functional measurements of
binding and cooperativity.
July 1998, Biochemistry.
n Crystal structure of a small heat-shock protein. Kyeong
Kyu Kim, Rosalind Kim and Sung-Hou Kim (1998). Nature
394, 595–599.
The principal heat-shock proteins that have chaperone
activity (i.e. they protect newly made proteins from
misfolding) belong to five conserved classes: HSP100, HSP90,
HSP70, HSP60 and the small heat-shock proteins (sHSPs).
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The sHSPs can form large multimeric structures and have a
wide range of cellular functions, including endowing cells
with thermotolerance in vivo and being able to act as
molecular chaperones in vitro; sHSPs do this by forming stable
complexes with folding intermediates of their protein
substrates. There is little information available, however,
about these structures or the mechanism by which substrates
are protected from thermal denaturation by sHSPs. The
authors report the crystal structure of a small heat-shock
protein from Methanococcus jannaschii, a hyperthermophilic
archaeon. The monomeric folding unit is a composite β
sandwich in which one of the β strands comes from a
neighbouring molecule. Twenty-four monomers form a hollow
spherical complex of octahedral symmetry, with eight trigonal
and six square ‘windows’. The sphere has an outer diameter of
120 Å and an inner diameter of 65 Å. 
6 August 1998. Nature.
n Towards the design of rare cutting restriction
endonucleases: using directed evolution to generate
variants of EcoRV differing in their substrate specificity
by two orders of magnitude. Thomas Lanio, Albert Jeltsch
and Alfred Pingoud (1998). J. Mol. Biol. 283, 59–69.
The restriction endonuclease EcoRV cleaves DNA highly
specifically within GATATC sequences. In order to create
EcoRV variants that have an extended recognition site the
authors have employed a semi-rational random
mutagenesis/selection procedure. Twenty-two amino acid
residues were subjected to random mutagenesis and about 500
EcoRV variants representing three generations of mutants were
screened. Among these some highly active variants that
strongly prefer AT-flanked cleavage sites (e.g. S183A/Q224R,
T93S/I103F/S183A/T222S or N97T/S183A/T222S) and others
that prefer GC flanks (e.g. K104N/A181T) were identified. As
wild-type EcoRV does not discriminate between these
cleavage sites, the generation of these variants represents a
significant first step towards redesigning EcoRV to become an
8 or 10 base pair cutter. 
16 October 1998. Journal of Molecular Biology.
n Mechanism and utility of an RNA-cleaving DNA enzyme.
Stephen W Santoro and Gerald F Joyce (1998).
Biochemistry 37, 13330–13342.
The authors previously reported the in vitro selection of a
general-purpose RNA-cleaving DNA enzyme that exhibits a
catalytic efficiency (kcat/KM) exceeding that of any other
known nucleic-acid enzyme. This enzyme contains ~30
deoxynucleotides and can cleave almost any RNA substrate
under simulated physiological conditions. Kinetic
measurements reveal that the enzyme strongly prefers
cleavage of the substrate over ligation of the two cleavage
products and that the enzyme’s catalytic efficiency is limited
by the rate of substrate binding. The enzyme shows a high
level of substrate specificity, discriminating against RNAs that
contain a single base mismatch.
22 September 1998. Biochemistry.
n Photoswitchable peptide antigens on solid surfaces.
Masahiko Sisido, Masataka Harada, Kazuo Kawashima,
Hiroshi Ebat and Yoshio Okahata (1998). Biopolymers 47,
157–165.
The anti-trans azobenzene monoclonal antibody was found to
bind to a lipid monolayer carrying peptides containing a trans
p-phenylazophenylalanine group on a mica surface. The
binding of the antibody was directly observed using an
atomic force microscope technique. The hapten-specific
binding was also followed on lipid bilayers containing
azobenzene group developed on a quartz surface by using the
quartz crystal microblance technique. The binding as
controlled by the cis-trans photoisomerization of the
azobenzene groups. 
October 1998. Biopolymers.
n Short elastin-like peptides exhibit the same
temperature-induced structural transitions as elastin
polymers: implications for protein engineering. Herald
Reiersen, Anthony R Clarke and Anthony R Rees (1998).
J. Mol. Biol. 283, 255–264.
Elastin is a major protein component of the vascular wall and is
responsible for the wall’s unusual elastic properties. Polymers
of elastin’s repeating VPGVG sequences have been
synthesised and shown to exhibit an inverse temperature
transition where, as temperature rises, the polymer collapses
from an extended  chain to a β-spiral structure with three
VPGVG units per turn, each pentamer adopting a type II β-
turn conformation. The authors examine, using circular
dichroism, the behaviour of elastin-like peptides (VPGVG)n,
where n varies between 1 and 5. Remarkably, the authors find
that all lengths of peptide undergo an extended ↔ β-turn
transition with increasing temperature, suggesting that the
induction of the β spiral occurs at the level of single
pentameric units. The origin of this effect is a positive ∆S term
for the transition.  The significance of this behaviour for the
rational design of temperature-induced responses in proteins is
discussed.
August 1998. Journal of Molecular Biology.
n Protein denaturation: a small-angle X-ray scattering
study of the ensemble of unfolded states of
cytochrome c. Daniel J Segel, Anthony L Fink, Keith O
Hodgson and Sebastian Doniach(1998). Biochemistry
37,12443–124451.
Solution X-ray scattering was used to study the equilibrium
unfolding of cytochrome c as a function of guanidine
hydrochloride concentration at neutral pH. The radius of
gyration (Rg) shows a cooperative transition with increasing
denaturant with a similar Cm to that observed with circular
dichroism. The lack of an isoscattering point in the X-ray
scattering patterns however, suggests the equilibrium
unfolding is not simply a two-state process. Singular value
decomposition reveals the existence of three components,
suggesting that at least three equilibrium states of the protein
exist. These scattering profiles show that one state is native
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(N). The other two states (U1, U2) are unfolded, with U2 being
fully unfolded and U1 having some residual structure. Using
the thermodynamic parameters to calculate fractional
populations, U1 is maximally populated at intermediate
denaturant concentrations, whereas U2 is maximally populated
at high denaturant concentrations. 
8 September 1998. Biochemistry.
n Crystal structure of an octameric RuvA-Holliday
junction complex. S Mark Roe, Tom Barlow, Tom Brown,
Mark Oram, Anthony Keeley, Irina R Tsaneva and Laurence
H Pearl (1998). Mol. Cell 2, 361–372.
Holliday junctions occur as intermediates in homologous
recombination and DNA repair. In bacteria, resolution of
Holliday junctions is accomplished by the RuvABC system,
consisting of a junction-specific helicase complex RuvAB,
which promotes branch migration, and a junction-specific
endonuclease RuvC, which nicks two strands. The crystal
structure of a complex between the RuvA protein of M. leprae
and a synthetic four-way junction has now been determined.
Rather than binding on the open surface of a RuvA tetramer as
previously suggested, the DNA is sandwiched between two
RuvA tetramers, which form a closed octameric shell, stabilized
by a conserved tetramer–tetramer interface. Interactions
between the DNA backbone and helix–hairpin–helix motifs
from both tetramers suggest a mechanism for strand separation
promoted by RuvA. 
2 September 1998. Molecular Cell.
n Migration of a Holliday junction through a nucleosome
directed by the E. coli RuvAB motor protein. Mikhail
Grigoriev and Peggy Hsieh (1998). Mol. Cell 2, 373–381.
Chromatin plays a critical role in regulating access to DNA by
proteins that direct recombination and repair. The Escherichia.
coli RuvAB protein complex promotes branch migration of the
Holliday junction recombination intermediate. The ability of
RuvAB to negotiate passage of the junction through
nucleosomal DNA is examined. The model system involves
the formation of a Holliday junction positioned upstream of a
nucleosome. Unassisted, the junction is blocked by a histone
octamer. In the presence of RuvAB and ATP, rapid branch
migration through the nucleosome is observed. These results
suggest that eukaryotic DNA motor proteins analogous to
RuvAB could function during recombination to promote
branch migration through chromatin. 
2 September 1998. Molecular Cell.
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Springs and zippers: coiled coils in SNARE-mediated
membrane fusion [Minireview]. Pehr AB Harbury 
(1998). Structure 6, 1487–1491.
Two crystal structures of N-acetyltransferase reveal a
new fold for CoA-dependent enzymes [Minireview].
Yorgo Modis and Rik Wierenga (1998). Structure 6,
1345–1350.
Crystallographic water sites from a theoretical
perspective [Ways & means]. Michael Feig and B
Montgomery Pettitt (1998). Structure 6, 1351–1354.
Putting protein splicing to work [Minireview]. Frederick
S Gimble (1998). Chemistry & Biology 5, R251–R256.
Scratching the (cell) surface: cytokine engineering for
improved ligand/receptor trafficking dynamics
[Review]. Douglas A Lauffenburger, Eric M Fallon and
Jason M Haugh (1998). Chemistry & Biology 5,
R257–R263.
Deciphering RNA recognition: aminoglycoside binding
to the hammerhead ribozyme [Crosstalk]. Yitzhat Tor,
Thomas Hermann and Eric Westhof (1998). Chemistry &
Biology 5, R277–R283.
Protein targeting: Getting in the groove [Dispatch].
Harris D. Bernstein (1998). Current Biology 8,
R715–R718.
Signal transduction: Fast lane to transcriptional
activation [Dispatch]. Daniela Rhodes and John WR
Schwabe (1998). Current Biology 8, R765–R770.
Macromolecular assembly: Chainmail stabilization of a
viral capsid [Dispatch]. John E Johnson and William R
Wikoff (1998). Current Biology 8, R914–R917.
Nuclear import: A tale of two sites [Dispatch]. Colin
Dingwall and Ronald A Laskey (1998). Current Biology 8,
R922–R925.
